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INtrOduCtION
Osteoarthritis is a major health problem with significant morbidity and disability that is associated with arthritis of the knees and hip joints. It has resulted in a total of 71.1 million years lived with disability in the twentieth century (1). It is estimated that in the next decade, 20 to 30% of the world's population will have some type of osteoarthritis, which is most frequently found in the population over 60 years of age (2). Therefore, understanding the role of modifiable risk factors for osteoarthritis is important for improving prevention. Currently, evidence supports a relationship between osteoarthritis and metabolic syndrome, independent of obesity (3, 4) . High body mass index (BMI) and large waist circumference are widely recognized as the most important modifiable risk factors for knee osteoarthritis (5) . Furthermore, individual risk factors that make up metabolic syndrome, including central obesity, diabetes, high blood pressure, dyslipidemia, and insulin resistance, have been shown to be independently associated with degenerative joint disease (6) . The link between metabolic syndrome and osteoarthritis has been explained by metabolic syndrome-associated atheromatous vascular disease, small vessel occlusion, and venous stasis, which might predispose patients to subchondral bone ischaemia, leading to poor nutrient and gas exchange in the articular cartilage (7) . In addition to increased BMI, inflammation is another important risk factor for the high prevalence of osteoarthritis in the metabolic syndrome. It appears that inflammation plays a key role between osteoarthritis and metabolic syndrome (8) .
Obstructive sleep apnea (OSA) is an underdiagnosed condition characterized by recurrent episodes of obstruction of the upper airways leading to sleep disorders with both OA and OSA, we aimed to investigate the association between severity of OSA and osteoarthritis grade based on X-Ray. fragmentation and intermittent hypoxia during sleep (9) . It is well known that obesity can predispose to the development of OSA (10) . The prevalence of OSA is increasing worldwide secondary to the ongoing epidemic of obesity (10) . Recent evidence has shown that surrogate markers of cardiovascular risk, including sympathetic activation, systemic inflammation, and endothelial dysfunction, are significantly increased in patients with OSA, independent of BMI (11, 12) .
Although a strong relationship can be found among inflammation and osteoarthritis on the one hand, and inflammation and OSA on the other hand, no previous studies have investigated the effect of OSA on osteoarthritis. With this background in mind, we aimed to investigate the association between severity of OSA and osteoarthritis grade based on X-Ray.
MAtErIALS and MEthOdS
This cross-sectional study was conducted at Istanbul Medeniyet University School of Medicine, Department of Pulmonary Medicine, Sleep Disorders Center. The study protocol was approved by the Istanbul Medeniyet University Clinical Research Ethics Committee (IMU/0093). All patients were included in the study after signing informed consent form.
Study Population
Patients who underwent a polysomnography due to suspicion of OSA were included in our study between May 2014 and April 2015. Subjects young-er than 18 years, patients with central sleep apnea syndrome, upper airway resistance syndrome, those with active infections, malignancy, interstitial lung disease and bronchial asthma were excluded. In addition, patients with chronic kidney disease, peripheral vascular disease, rheumatic disease, total knee arthroplasty, incomplete radiography, and acute trauma of the knees were also excluded from the study. 277 patients underwent to polysomnography study during the study period and 120 participants included to the final analysis. The flow diagram of the study is shown in Figure 1 . Patients with an apnea hypopnea index (AHI) < 5 were recruited as a control group. The AHI cut-offs for mild, moderate, and severe OSA were 5 to 14.9, ≥ 15 to 29.9, and ≥ 30 events per hour of sleep, respectively.
Demographic characteristics, including age, gender, history of previously diagnosed diabetes mellitus or hypertension, and smoking status, were recorded for each study participant. BMI was calculated as weight in kilograms (measured by a scale) divided by the square of height. Routine blood chemistry, including lipid profile, HbA1c and high-sensitivity C-reactive protein (hsCRP) were obtained.
Sleep Study
All participants underwent a standard overnight polysomnography (Alice 6, Anne Deneubourg, Germany and Grass Technologies, Medical Devices, CA, USA).
As described in our previous study, the sleep study included electrooculography (two channels), electroencephalography (six channels), electromyography of the submental muscles (one channel) and of bilateral anterior tibialis muscles (two channels), electrocardiography, airflow measurements (with an oronasal thermistor and nasal cannula pressure transducer), body position during sleep, and snoring vibrations (snore sensor) (13) . Chest and abdominal effort (two channels) were recorded using piezoelectric belts, while arterial oxyhemoglobin saturation (one channel) was measured by pulse oximetry. The recordings were scored according to the standard criteria of the AASM. Apnea was defined as a ≥ 90% decrease in the air flow persisting for at least 10 seconds relative to the baseline amplitude. Hypopnea was defined as a ≥ 3% oxygen desaturation or event is associated with an arousal, all sustaining for at least 10 seconds. Arousals were scored according to accepted definitions (14) . The AHI was calculated as the number of apneas plus hypopneas per hour of sleep. Patients with an AHI ≥ 5 events/hour were diagnosed as having OSA. The oxygen desaturation index (ODI) was defined as the total number of measurements of oxyhemoglobin desaturation of ≥ 3% within ≥ 10 seconds -< 3 minutes from the immediate baseline, divided by the total sleep time (14) . Sleep efficiency is defined as the ratio of time spent asleep (total sleep time, TST) to the amount of time spent in bed (TIB).
Evaluation of Osteoarthritis in Knee Joints
radiographic examination of the knee: Experienced radiologic technicians took weight bearing and anterior-posterior radiographs of both knees before polysomnography. The Kellgren-Lawrence (KL) scoring system was used to evaluate osteoarthritis from grade 0 to 4 by an expert physical therapy and rehabilitation physician who was blinded to the results of the polysomnographic study (15) .
Western Ontario and Mcmaster universities arthritis index: The Western Ontario and McMaster
Universities Arthritis (WOMAC) Index is a set of standardized questionnaires used to evaluate the condition of patients with osteoarthritis of the knee, including pain, stiffness, and physical functioning of the joints. The WOMAC measures are pain (score range 0-20), stiffness (score range 0-8), and functional limitation (16) .
Statistical Analysis
Statistical analysis was performed using SPSS software, version 16. Fishers' exact test was used to compare variables in different groups. Descriptive analyses were presented as the means and standard deviations. The Kruskal-Wallis test was used to compare parameters between groups. For comparison of the AHI scores among osteoarthritis stages, the Bonferroni procedure was used to correct the Mann-Whitney U test. Linear regression analysis was used to identify factors independently associated with logarithmically converted pain, stiffness and limitation scores. The magnitude of the association is expressed in ORs and 95% CIs.
rESuLtS

Main Characteristics of the Patients Included in the Study
In total, 120 patients with osteoarthritis were included; mean age was 52.4 ± 11.5 years, 68 (56%) patients were male, 63 (53%) hypertension, 37 (30%) had diabetes and 30 (25%) had cardiovascular disease. Additionally, 7 (5%) patients had grade 1 osteoarthritis, 20 (16%) patients had grade 2 osteoarthritis, 60 (50%) patients had grade 3 osteoarthritis, and 33 (29%) patients had grade 4 osteoarthritis. Mean AHI score was 32.7 ± 23.3/h. The comparative laboratory and demographic characteristics of the study population based on osteoarthritis stage are shown in Table  1 . The sleep study (polysomnography) measurements of the study population based on osteoarthritis stage are shown in Table 2 . As shown in Table 2 , the AHI score increased progressively from osteoarthritis stage 1 to osteoarthritis stage 4 ( Figure 2 ). Post hoc analysis showed that the AHI scores differed between grades 1 and 3 osteoarthritis (p< 0.0001), grades 1 and 4 osteoarthritis (p< 0.0001), grades 2 and 3 osteoarthritis (p< 0.0001), grades 2 and 4 osteoarthritis (p< 0.0001) and even between grades 3 and 4 osteoarthritis (p= 0.006).
As the severity of osteoarthritis increased, the prevalence of diabetes, cardiovascular disease and hypertension, BMI, the AHI score and age increased as well (Table 1 and 2, p< 0.005). In addition, there were no patients with severe OSA in the grade 1 or grade 2 osteoarthritis group, whereas all patients with grade 3 and 4 osteoarthritis had moderate to severe OSA (Table 1, p= 0.001). There was a positive correlation between the AHI and hsCRP (r= 0.49, p< 0.0001).
Association of Osteoarthritis With Polysomnographic Variables
Osteoarthritis stages were significantly correlated with the AHI (Kendal tau= 0.520, p< 0.0001), the oxygen desaturation index (Kendal tau= 0.406, p< 
Multivariate Linear regression Analysis
Multiple linear regression analyses were performed to determine the association between the independent variables, including the AHI score, age, gender, BMI, diabetes, hypertension, presence of cardiovascular disease, hsCRP and the Kellgren-Lawrence (KL) scores of pain, stiffness and limitation. Results of these analyses are shown in Tables 3,4 and 5. The AHI score was independently associated with the pain, stiffness and limitation scores ( disease, hsCRP) related with logarithmically converted AHI score. Age, OA grade and hsCRP were independently related with AHI (Table 6 ).
dISCuSSION
The present study reveals a strong relationship between OSA and osteoarthritis. The prevalence of osteoarthritis is significantly high in OSA patients compared with subjects without OSA. In addition, we also showed that the severity of OSA is independently associated with the severity of osteoarthritis. As far as we know, this is the first study in the literature that shows such a strong association.
Obesity is a well-established risk factor for osteoarthritis of weight bearing joints, such as the hips and knees, with mechanical overload being the causative link (17, 18) . However, overweight and obese people also have an increased risk of osteoarthritis in their hands, which are not weight-bearing, implicating systemic factors in the obesity-osteoarthritis connection (19) . Studies have also identified obesity as a predictor of osteoarthritis in non-weight bearing joints, supporting the influence of a systemic metabolic effect whereby adipose tissue secretes inflammatory mediators, which directly cause cartilage degeneration (18, 20) . In our study, the possible explanations for the increased prevalence and severity of osteoarthritis in OSA patients are age and BMI, both of which are higher and are independent risk factors for osteoarthritis in OSA patients compared with patients without OSA (17, 21) . However, although age and BMI were similar among the mild, moderate and severe OSA groups, the prevalence and severity of osteoarthritis were significantly higher in the moderate and severe OSA groups. This association was independent of other risk factors for osteoarthritis, including increased BMI. Therefore, we speculate that OSA may be a risk factor for the development of osteoarthritis.
The pathogenesis of osteoarthritis involves abnormalities in common metabolic intermediates, including glucose, hormones, several growth factors, transcription factors, nitric oxide and reactive oxygen species (22) . Assessment of the role of inflammatory mediators in intervertebral disc degeneration has consistently shown that cytokines, such as tumour necrosis factor-α, interleukin-6, and nitric oxide, are present in higher concentrations in degenerative discs and likely play a role in disease progression (23) . In addi-tion, previous studies showed that degenerative disc disease is believed to be mediated through atherosclerosis, insufficient blood supply and high blood pressure (24) . It is well known that OSA significantly increases the aforementioned inflammatory mediators and is also an independent risk factor for increased blood pressure and insufficient blood supply to organs (12, 25, 26) . In addition, OSA exacerbates hypoxia at the tissue level, which also triggers chronic inflammation, macrophage infiltration, reduction of adiponectin level, elevation of leptin level, adipocyte death, endoplasmic reticulum stress, and mitochondrial dysfunction, all of which may play a role in the development of osteoarthritis (11, 27) . Additionally, we also found a strong positive correlation between OSA and inflammation, which was defined by hs-CRP. In light of the previous studies and our findings, we speculate that in addition to other risk factors, increased inflammation seen in OSA could be important predisposing risk factors for the development and severity of osteoarthritis.
The current study has limitations. First, a cause and effect relationship cannot be drawn in such a study due to its design and observational nature. Second, temporal relationships cannot be assumed, and it would be more prudent to prospectively determine whether the presence of OSA would translate into worse outcomes in osteoarthritis. Third, the selected patients were from a single center, and generalizability is limited. Finally, the number of patients with grade 1 and 2 osteoarthritis was low.
In conclusion, we have demonstrated that there is a strong relationship between OSA and OA. OSA might a novel risk factor for osteoarthritis. Further studies are warranted to elucidate the underlying mechanisms for this, and randomized-controlled trials with a larger sample-size are needed to determine causality in addition to the effect of treatment of OSA on the severity and progression of osteoarthritis. 
